Electronic and structural aspects of a Mn02 electrode in a rechargeable Mn02/Zn battery environment have been investigated by i n s i t u Mn K-edge X ray absorption fine structure (XAFS). The relative amplitudes of the three major Fourier transform shells of the EXAFS (extended XAFS) function of the rechargeable Mn02 electrode in the undischarged state were found to be similar to those found for ramsdellite, a Mn02 polymorph with substantial corner-sharing linkages among the basic MnO6 octahedral units. The analyses of the background-subtracted pre-edge peaks and absorption edge regions for the nominally 1-edischarged electrode were consistent with Mn3+ as being the predominant constituent species, rather than a mixture of Mn4+ and Mn2+ sites. Furthermore, careful inspection of both the XANES (X-ray absorption nera edge structure). and EXAFS indicated that the full recharge of Mn02, which had been previously discharged either by 1 or 2-equivalent electrons, generates a material with decreased corner-sharing linkages compared to the original undischarged Mn02.
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Technological advances made over the past two to three decades in the area of Mn02 electrodes culminated recently in the full scale commercialization of a rechargeable Mn02/Zn alkaline battery. Two, possibly related, factors appear to be crucial to the successful operation of this device: the amount of zinc is small enough to limit the discharge of Mn02 to the equivalent of a single electron per Mn site, and, the incorporation of a Ba-based additive as a pore-forming agent prevents densification, allowing facile ionic transport through the Mn02 lattice. This latter effect is particularly important, as a This report was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States Government nor any agency thereof, nor any of their employees, make any warranty, express or implied, or assumes any legal liability or respomiility for the accuracy, completeness, or usefulness of any information, apparatus, product, or process disdcsed, or represents that its use would not infringe privately owned rights. Reference herein to any specific commercial product, process, or sern'ce by trade name, trademark, manufactmr, or othenvise does not n d y constitute or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those of the United States Government or any agency thereof. * decrease in ionic mobilities upon cycling is believed to be responsible for the lack of reversibility of conventional Mn02 electrodes. Although this new battery has a theoretical capacity of about one-half that of a primary Mn02/Zn battery of the same size, it offers a significant advantage in that it enables 20 -30 discharge/charge cycles. This paper presents the results of an i n s i t u Mn K-edge X-ray absorption fine structure (XAFS) study of a Mn02 electrode in a re charge ab 1 e MnO 2/Zn b at t e ry environment aimed at e luc ida t ing electronic and structural aspects of the material as a function of its state of charge. All data were acquired in a sandwich-type spectroelectrochemical cell designed in this laboratory, which uses the same electrode materials found in a commercial Mn02/Zn rechargeable battery, in a geometric arrangement that optimizes both current distribution and spectral quality. The information obtained in this investigation may be regarded as complementary to that derived from i n s i t u XAFS2r3 and ex situ X-ray diffraction data4 and electrochemical measurements5 for other types of Mn02,6 in that it identifies more clearly the microstructural changes in the material induced by the redox cycling.
EXPERIMENTAL
A schematic diagram of the Mn02/Zn battery-type spectroelectrochemical cell designed for i n s i t u fluorescence Mn K-edge XAFS measurements is shown in Fig. 1 . The manganese dioxide electrode was prepared by mixing Mn02 powder (5.0 mg, Rayovac, Madison, WI) with carbon black (5.0 mg, LBL or Vulcan XC72R) to increase the electronic conductivity, and a small volume (ca. 33 pL) of a dilute Teflon suspension (T30B, 26.8 mg/mL, Dupont, Wilmington, DE). The amount of Mn in these specimens (see below) is equivalent to about one absorption length, and, therefore, too thick to avoid self absorption effects in XAFS spectra recorded in fluorescence. Nevertheless, the only significant difference observed between the i n s i t u M n K-edge XAFS of a fresh battery collected in fluorescence and that of a thin dispersion of the dry Mn02 used to prepare the electrodes (ca. 1 absorption length, px) , recorded in transmission was a decrease (ca. 10%) in the height of the prominent edge peaks centered at ca. 6560 and 6575 eV without any changes in the peak positions. This problem may not be regarded as serious, as the arguments raised in the interpretation of the XANES data rely on changes in the relative amplitudes of these edge peaks and not on their absolute amplitudes. Most importantly, however, because the cross sections for absorption associated with the preedge peaks in the region 6540 -6547 eV are about one order of magnitude smaller than that of the edge, spectral distortions in the pre-edge region (for specimens with px ca. 1) may be expected to be negligible. Hence, all conclusions made in this study, based on the shape and relative amplitudes of pre-edge peaks using the transmission XAFS of reference Mn oxides materials reported in the literature (see below) , are warranted.
The resulting Mn02/carbon/Teflon paste was then applied uniformly on a piece of an anionic membrane separator (ca. 2.5 x 3.0 cm, 5035H, The Electrosynthesis Co. Inc., Lancaster, NY) over a rectangular area of ca. 0.5 x 2.0 cm2, which is larger than the footprint of the X-ray beam (ca. 0.2 x 0.5 cm2). A piece of a carbon cloth (2.0 x 0.5 cm, Stackpole Fibers C o . , Inc.) was placed on the separator area covered by the Mn02 paste. The assembly was turned over and a zinc paste (0.1 -0.3 g, 35% KOH, Rayovac, Madison, WI), consisting of zinc powder mixed with a gelled, concentrated solution of KOH was spread over an area directly above that covered by the Mn02 mixture and a second piece of carbon cloth placed on top of it. The amount of Zn paste used was much larger than that required for the full discharge (2-electron equivalent) of the Mn02 electrode. A few droplets of a concentrated KOH solution were then added to the carbon cloth pieces to make up for electrolyte lost during the assembly. Finally, two pieces of a rectangularly shaped, electrically conductive, hydrophobic, carbon paper (1 x 3 cm2, Elfech Corp. Fairpore Harbor, OH) were attached to each of the carbon cloth pieces on each electrode to serve as current collectors and to contain the electrolyte within the structure. External electrical contact to the electrodes was achieved by pressing a small (ca. 2mm wide) nickel screen strip onto the edge of each hydrophobic carbon paper above the path of X-ray beam. The whole assembly was then thermally sealed in a 3 x 4 cm2 polyethylene bag to isolate the battery from the atmosphere.
To ensure good electrical contact and uniform current distribution, the cell was pressed between two acrylic pieces with small clamps during charge and discharge, which were removed prior to spectral acquisition. As was'stressed in earlier studies involving i n s i t u Fe K-edge transmission XAFS studies of lithium intercalation into pyrite,8 this approach does not compromise in any regard the i n s i t u character of the measurements, as all the components remain in electrochemical contact during the entire experiment.
For the i n s i t u measurements, the cells were discharged through a 1.31 or 2.0 w) resistor and recharged first galvanostatically at 1.0 mA until the potential reached 1.65 V, which is slightly higher than the open circuit potential of freshly made batteries (1.5 V), and then kept at this value with a power supply for ca. 3 h. The depth of discharge and extent of recharge were controlled by monitoring either the cell potential or the current.
In situ Mn K-edge fluorescence XAFS spectra were recorded at open circuit, after the desired state of charge and discharge, as determined from the charge/discharge curves (see below), had been reached. XAFS measurements were performed at the Stanford Synchrotron Radiation Laboratory (SSRL, line 4 -l ) , with ring currents (iring) in the range of 40 to 100 mA at 3 GeV, and at the National Synchrotron Light Source (NSLS, line X-18B, 100 < iring < 180 mA at 2.56 GeV) . In all cases a set of two Si(ll1) crystals was used to monochromatize the radiation in the energy range of interest. Harmonic rejection for data collected at SSRL was achieved by detuning the primary beam to 50% of its original intensity. All spectra were recorded in the fluorescence mode using a Lytle-type fluorescence detector (EXAFS Co., Pioche, NV) with a Cr filter (3 absorption lengths thick) placed between the sample and the detector. The Mn K-edge energy was calibrated using the first inflection point of the spectrum of Mn foil, i.e. Mnedge = 6539 eV, as a reference. The monochromator was scanned in the range -200 to -30 eV, and -30 to +50 eV (X-ray absorption near edge structure, XANES) with respect to hedge in increments of 5 and 0.4 eV, respectively, and in steps of 0.05 A-1 in the extended X-ray absorption fine structure (EXAFS) region, up to 7400 eV. Pre-edge features were resolved by subtracting from the normalized data a suitable arctan function. The same approach was employed by Manceau et al. ,9b who reported pre-edge spectra for a large suite of manganese oxides of various oxidation states, which will serve as a basis for comparison with the in situ XAFS collected in this work.
The analysis of the EXAFS data was performed using EXAFSPAK, a special set of routines developed by I. Pickering and G. George at SSRL.lo Fourier transforms (FT) of the k3-multiplied reduced EXAFS function (k3x(k)) were obtained over the range 2.0 -11.5 A-1 (Ak = 9.5 A -1 ) . All prominent shells in the resulting radial distribution function were back-Fourier transformed collectively using a window of .0.7 to 3.7 A (Ar = 3.0 A). Theoretical phase and amplitude functions obtained from FEFFll (version 5.05) were used for fitting the filtered EXAFS functions.
RESULTS AND DISCUSSION

I. Electrochemistry
A typical full (two-electron equivalent) discharge curve for a battery of the type developed for these in situ XAFS measurements through a 2.00 w3 resistor is shown in Fig. 2 . The extent of discharge can be determined by integrating the current, i.e. Vcell/R, between points A and any other point in the curve, i.e. B, for a one-electron (1-e-equivalent discharge), and C, for a 2-e-equivalent (or full) discharge. As indicated, during the first electron transfer step, the curves displayed a gradual voltage decrease as a function of time (or extent of discharge). As the discharge was continued, the voltage reached a plateau followed by a second potential drop attributed to the transfer of a second electron into the material. This behavior is in general agreement with that reported by Amarilla et al.4 for composite y-MnO2/high area carbon electrodes in concentrated (> 5 M) KOH. The total charge involved in the nominally 1-e' discharge, Qobs(l) = 5.1 C, (see path A -B in Fig. 2.) is close to the theoretical value (Qtheo) = 5.5 C, determined from the weight of Mn02 in the electrode (5 .O mg) , and about half that obtained for the nominally full 2-e-discharge, Qobs(2) = 10.7 C (path A-C in the figure). The reproducibility of these curves was verified by comparing the results of several batteries. At point D, this specific battery was shorted for ca. 3-4 days just prior to spectral acquisition, and later used to examine the in situ XAFS of a fully (2-e--equivalent) discharged device upon recharge. Fig. 3 shows a discharge/charge profile for an independently assembled battery of the type shown in Fig. 1 . Both the first and second 1-e-discharges s t a r t i n g from the fully charged s t a t e , i.e. paths A -C and E -G, in this figure, respectively, were performed using a 1.31 w1 resistor. The vertical arrows in this plot indicate the time, or, equivalently, the state of charge of the electrode at which the i n s i t u XAFS data were acquired. Points C and G in this figure correspond to the 1-e-discharge of fully oxidized material, whereas point E represents the 1-e-recharge following the first 1-eequivalent discharge. I n s i t u XAFS measurements were also performed both before the first full 1-e-discharge (point B) and before the l-edischarge following the full recharge (point F). The battery was finally fully discharged, using in this case much smaller resistors (93 n (G-H) and 192 n (H-I)) and then short circuited for ca. 1 -2 h, at which point (not shown in this figure), a new spectrum was collected. This observation provides evidence that the undischarged material, for which Mn is in the oxidation state 4+, is converted into a Mn hydrous oxide species with oxidation state 2+ after the material is fully discharged.
Some insight into the redox state of the species produced following the initial 1-e' discharge could be gained from the analysis of the pre-edge region. To this end, an arctan function was fit to the tail of the main edge in the normalized XANES (See Fig. 5 ), which was then subtracted from the normalized XANES in Fig. 4 . This procedure yielded well-resolved pre-edge peaks attributed to electronic transitions from the Mn(1s) to empty orbitals in the Mn-Ox framework of the appropriate symmetry (see Fig. 6 ). Pronounced differences between the pre-edge peaks for a large variety of Mn-based oxides, particularly those involving different formal oxidation states (see below) were found by Manceau et ai.9bJ using the same analytical approach. The in s i t u XANES collected in this work are of much lower resolution than those reported by these authors,9b who employed a set of Si(511) instead of Si(ll1) crystals; hence, the well-resolved doublet characteristic of the Mn02 suite of compounds reported in Ref. 9b , cannot be clearly observed in the data presented in Fig. 6 . Nevertheless, the absolute intensity (Ipeak) of the prominent feature at 6542 eV found for the original undischarged Mn02 battery is within the expected values reported in Ref. 9b for this suite of compounds.
Three major differences in the pre-edge features were observed in the spectra of the battery after the first 1-e' discharge: a decrease in the intensity of the peak at ca. 6542 eV, the clear emergence of a second spectral feature centered at about 6540 eV, and a shift of the overall band toward lower energies.
Based purely on coulometric arguments, a 1-e-equivalent dischar e of MnO and Mn5+ sites, all of which consistent with an average one-electron energy shift in the absorption edge. Despite the unique character of the pre-edge peaks associated.with the various species involved, it is not possible to identify unambiguously the nature of this 1-e' discharged material based purely on this information.
In particular, the pre-edge peak of the 1-e-discharge species is in reasonably good agreement both with that of j3-MnOOH,9b a genuine Mn3+ hydrous oxide, as well as with an equal mixture of the original Mn02 (Curve A) and the Mn2+ oxide species generated by the full 2-e' discharge (Curve J) given by the thick solid line in this figure. The validit of this analytical approach has been demonstrated by Manceau et al. who predicted the correct Mn2+/Mn3+ stoichiometric ratio for Mn304 usin a weighted sum of the pre-edge features of MnCrzOq and j3-MnOOH as Mnf+ and Mn3+ model compounds, respectively, However, an equal mixture of Mn4+ and Mn2+ is not compatible with the shape of the absorption edge, as the sum of equal contributions for the two species in the absorption edge region (see thick solid line in the Insert, Fig. 4 Finally, and largely due to the quality of the pre-edge data and the uncertainties derived from the tail-edge fit, the possibility of a relatively small fraction of Mn2+ being produced upon a 1-e-discharge cannot be ruled out. Such a species could be formed by slow and partial disproportionation of Mn3+, a process which could be enhanced in the battery environment.
Upon recharge, following the 1-e-discharge, the peak centered at 6542 eV increased in intensity, and its leading edge shifted toward hi her energies (see Fig. e ) , as would be expected for the oxidation of Mn5+ sites. The absorption edge of the undischarged Mn02 material was found to be located at slightly higher energy than that of the recharged battery following the 1-e-discharge. This effect could be interpreted in terms of a lack of full redox reversibility. However, such an edge shift could also be attributed to a transition of the original Mn02 to a more layered polymorph, such as buserite, which exhibits an edge at lower energies than all other members of the Mn02 suite. 8b
Information regarding the rechargeability of a fully 2-e' discharged battery was obtained from the analysis of the in s i t u XANES of the device discharged in the manner shown in Fig. 2 upon further recharge (see Fig. 7) . The in situ XANES of the fully discharged (Curve A) and 1-e-(Curve B) and 2-e-(Curve C) recharged battery are compared with that of a different undischarged battery (Curve D) in Fig. 8 . These results are in qualitative agreement with those shown in Fig. 4 .
Particularly noteworthy, however, is the fact that Mnedge for the fully discharged bactery is shifted to even lower energies, i.e. 6545.5 eV, compared with the nominally fully discharged specimen in Fig. 4 (6546.5 eV) . Some indication that the battery in Fig. 4 , may not have been completely discharged was obtained from a close inspection of the XANES, which revealed the presence of a peak at 6561 eV not observed in the fully discharged specimen.
Upon full 2-e' recharge the XANES showed a prominent peak at 6561 eV, with a normalized intensity of 1.37, which is larger than that observed for the fully recharged material following a 1-e-discharge, 1.30, and even larger than that for the undischarged Mn02, 1.24 (Curve A , Fig. 4 ) and 1.16 (Curve D, Fig. 8 ). According to Manceau et al. ,8b the intensity of this main-edge feature increases as the extent of corner-, to edge-sharing of the MnO6 octahedral units decreases, having the lowest value for pyrolusite and the highest for buserite, which has no corner-sharing octahedra.
In s i t u Extended X-ray Absorption Fine Structure
Plots of k3x(k) vs k in the region 2 -11.5 A-1, for the same specimens shown in Fig. 3 , and their corresponding phaseuncorrected Fourier transforms (FTs) , are given in Figs. 9 and 10, respectively. The solid lines in Curves A, C and E in Fig. 9 represent the best fits to the data obtained from the nonlinear least squares analysis (see Experimental Section for details), yielding the metrical parameters listed in Table I . The peaks centered at ca. 1.5 A in Fig. 10 are due to backscattering from the nearest oxygen atoms about Mn. The remaining peaks at the higher R' values (2.85 A) and (3.41 A) are ascribed to the first, Mn(l), and second, Mn(2), neighbors, respectively, where the latter has also some contributions due to (the -second nearest) oxygen backscattering. Based on EXAFS data reported for well-characterized Mn02 materials , 2c* 2d, 8aa 8c the peak ascribed to Mn-Mn(2) is characteristic of minerals which have MnO6 octahedra linked by corners.. The Mn-Mn(2) coordination number is 8 for pyrolusite and 4 for ramsdellite. Another Mn02 polymorph known as nsutite (7-MnO2), which contains a random intergrowth of pyrolusite-, and ramsdellite-like tunnel structures has Mn-Mn ( 2) coordination numbers that vary between 4 and 8. In light of the variability of the Mn(2) coordination, the Mn K-edge FT data for these three Mn02 polymorphs exhibit distinctly different relative magnitudes for the Mn-Mn(1) and Mn-Mn(2) peaks.2c,2d,8a,8c For example, for pyrolusite, the peak attributed to, Mn-Mn(2) is much larger than that for Mn-Mn(l), whereas for ramsdellite, the reverse is true. In contrast, the Mn-Mn(1) and Mn-Mn(2) (and also the Mn-0) interatomic distances determined by ex s i t u XRD are remarkably similar for pyrolusite12 and ramsdellite, l 3 and within experimental error, identical to those obtained from the EXAFS analysis of the undischarged MnO2 electrode i n s i t u (see Table I ) ; hence, bond lengths do not provide a particularly good diagnostic criterion for elucidating the nature of the oxide. Nevertheless, based on the relative intensities of the Mn-0, Mn-Mn(1) and Mn-Mn(2) peaks in the FT data of Figure 10 of the k3x(k) EXAFS and data previously reported for the three Mn02 polymorphs specified above, the fresh (undischarged) material appears to contain predominantly ramsdellite, with perhaps some intergrowth domains of pyrolusite. Analysis and comparison of the FTs from both X(k)-and kX(k)-weighted EXAFS data lead to the same conclusion. This qualitative evaluation is in harmony with the conclusions drawn from the analysis of the i n s i t u XANES data and also with the reports of Pannetier,14 who describes the ex s i t u structure of battery active manganese dioxide (y-and c-Mn02) as an ideal ramsdellite with stacking disorders and microtwinning defects.
In agreement with the i n s i t u EXAFS measurements of Levy-Clement et al. ,2b,2c the amplitudes of the Mn-0 and Mn-Mn(1) shells decrease as the material is discharged accompanied by the virtual disappearance of the Mn-Mn(2) shell close to the le-discharge (see Figure 10) . 15 Both of these effects are consistent with a change in either the nature and/or the degree of disorder of the material. This may not be surprising, since the solubility of Mn3+ in concentrated alkaline solutions, although large, is still finite, leading, at high concentrations, to the formation of a poorly crystallized amorphous Mn3+ oxyhydroxide (or gel) within the carbon matrix. Although the Mn-0 distance for this electrochemically generated material, determined from the i n s i t u EXAFS (see Table I ), would be consistent with that found in Mn3+ oxides (e. g . cr-Mn2Og) and oxyhydroxides (MnOOH) ,I6 the corresponding value for Mn-Mn(1) is considerably shorter (ca. 10%) than those reported for a-Mn2O3 and MnOOH. The lack of any appreciable shifts in the center position of the FT peaks for i n s i t u EXAFS measurements for Mn02 electrodes up to 0.8 e' equivalent discharge was also found in the data in Refs. 2b and 2c. At this time, no satisfactory explanation can be offered for this unexpectedly small MnMn( 1) bond length for the electrochemically generated Mn3+ oxyhydroxide species.
Upon a l-e-recharge, the amplitudes of the first two FT peaks regained much of their original intensity (for Mn-0) or even surpassed it (for Mn-Mn(1)) i.e. prior to the discharge. In contrast, the MnMn(2) shell, which yielded a bond distance virtually identical to that of the original undischarged material (see Table I ), experienced a comparatively modest increase. Although other factors may contribute to the change in the relative amplitudes of the Mn-Mn peaks following a 1-e ' discharge and a 1-e-recharge, e.g. a site-specific deficiency of Mn atoms, the most plausible explanation may be found in a loss in the extent of corner-linking, or a higher proportion of edge-to cornersharing of the Mn-06 octahedral units, due to a subtle reorganization of Mn atoms. Such a structural rearrangement would lead to hindrances in ionic transport and, thus, decrease, following each discharge/charge cycle, the effective capacity of Mn02 electrodes.
SUMMARY
The main conclusions emerging from this i n s i t u Mn K-edge XAFS study of a Mn02/Zn spectroelectrochemical cell containing the same type of electrode materials found in a commercial rechargeable Mn02/Zn alkaline battery may be summarized as follows:
i) The relative amplitudes of the three major Fourier transform shells of the EXAFS. function of the Mn02 electrode in the undischarged state are very similar to those found €or ramsdellite, a Mn02 polymorph with substantial comer-sharing linkages among the basic MnO6 units.
ii) An analysis of the background-subtracted pre-edge peaks and absorption edge regions for the net 1-e' discharged electrode made it possible to identify rather unambiguously Mn3+ as being the predominant constituent species. Although the pre-edge peaks were consistent both with those found for /3-MnOOH (a genuine Mn3+ oxyhydroxide), as well as with the sum of an equimolar mixture of Mn4+ and Mn2+, using pre-edge features extracted from the original and fully discharged Mn02 materials as references, respectively, the absorption edge region was very different than that expected for a mixture of such two species. Although no attempts were made to fit the spectra with contributions due to Mn2+, Mn3+ and Mn4+, the possibility of all these species being present in the material cannot, at this point, be safely excluded.
iii) The full recharge of Mn02, which had been previously discharged either by 1-e' or 2-e--equivalent electrons, generates a material with decreased corner-sharing linkages compared to the original undischarged Mn02. Four different lines of evidence support this view:
a. The decrease in the relative intensity of the Mn-Mn(2)/MnMn(1) FT EXAFS shells, where (1) and (2) refer to the first and second Mn-Mn shells.
b. The increase in the intensity of the 6561 eV peak c. The decrease in the intensity of the 6542 eV peak in the background corrected pre-edge peak.
d. The shift in the energy of the peak at 6574 eV toward lower energy values. t Large uncertainties were found in the magnitudes of the coordination numbers (N) for most of these specimens; therefore, no N values are provided in this table.
-I-All curve fittings were performed using EXAFSPAK, see G. N. George and I. J. Pickering. EXAPFSPAK: A s u i t e of Computer Programs for Analysis of Xray Absorption Spectra; 1995. The number of independent parameters (7-10) was always less than the number of independent data points, Nind = 2AkAr/r. The numbers in parenthesis represent the estimated 95% confidence limits ( 3 0 ) obtained from the diagonal elements of the covariance matrix of least squares fit. Time (min) 600 800 Fig. 2 . Typical full discharge curve through a 2.00 M1 resistor for a Mn02/Zn battery of the type developed for the in s i t u XAFS measurements reported in this work (see Fig. 1 ). The extent of discharge was determined by integrating the current, i. e. VcelI/R, between points A and B in the figure, for a one-electron (1-e-equivalent discharge, and between points A and C for a 2-e-equivalent (of full) discharge. 'At point D the battery was shorted for several days just before spectral acquisition (see text for details). Time (min) Fig. 3 . Discharge/charge profile of a battery of the type shown in Fig.  1 . The points indicated by the arrows represent the times or states of charge at which the in s i t u XAFS measurements were performed starting from the fresh or undischarged battery (A) and following the first partial and total one-electron equivalent discharge through a 1.31 w) resistor (points B and C, respectively); subsequent partial recharge at a constant current of 1 mA (D) and full recharge at a constant voltage of 1.65 V for about 200 rnin (E). The battery was then discharged once again to (point F) and beyond the one-electron stage (point G) through a 1.31 w) resistor and finally fully discharged using a 793 fl (segment G-H) and a 192 fl resistor (H-I) at which point the device was shortcircuited. Energy (eV) Fig. 4 . Series of normalized in s i t u XANES obtained at points A , C, E in Fig. 3 and after short-circuiting the cell for ca. 1-2 h (curve J) (see caption Fig. 3 for details). Insert: Predicted shape of the absorption edge region for an equal mixture of Mn4+ and )In2+ ( s e e thick line) using the original (Curve A) and the 2-e-equivalent discharged specimens (Curve J) as a basis, compared to the 1-e-discharged battery (dotted lines, same as Curve C in this figure) . 
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